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IVTRODUCT I O N  

The I!.S. Department o f  Energy ’s  Biomass L i q u e f a c t i o n  Experimental F a c i l i t y  a t  
Albany, Oreqon, was cons t ruc ted  f o r  t he  purpose o f  develop ing biomass t o  o i l  con- 
ve rs ion  processes. 
wood c h i p  equ iva len t .  Process development work has been underway a t  Albany s i n c e  
the summer of 1977. A m u l t i t u d e  o f  r e a c t a n t  and p roduc t  hand l i ng  d i f f i c u l t i e s  
have r e s u l t e d  i n  numerous f a c i l i t y  and process m o d i f i c a t i o n s .  P resen t l y ,  t h e r e  a r e  
two main ve rs ions  o f  the CO-Steam process being t e s t e d  a t  Albany. The o r i g i n a l  
process, c a l l e d  t h e  Bureau o f  Mines Process (B0! l )  because i t  was developed by r e -  
searchers a t  t h e  former Bureau o f  Mines f a c i l i t y  near  P i t t s b u r g h ,  i n v o l v e s  d r i e d  
and ground wood ch ips  s l u r r i e d  i n  a heavy o i l  medium. The newer process i s  c a l l e d  
the LBL process, s i n c e  i t  was developed by s t a f f  memhers o f  t h e  Lawrence Berkeley 
Laboratory .  I n  t h e  LSL process wood ch ips  a re  broken down i n t o  a pumpable water 
s l u r r y  by a c i d  h y d r o l y s i s .  I n  e i t h e r  process t h e  s l u r r y  i s  then pumped i n t o  a 
h igh  temperature, h igh  pressure r e a c t o r  wherein the  biomass o i l  i s  formed th rough  
the a c t i o n  o f  carbon monoxide and steam under the  i n f l u e n c e  o f  a sodium carbonate 
c a t a l y s t .  
development e f f o r t  has been two fo ld ,  1 )  p r o v i d e  bench s c a l e  process development 
experimental suppor t  and 2 )  p rov ide  a n a l y t i c a l  suppor t  as needed. 
work has i nvo l ved  f o r  
repo r ted  elsewhere. t1>y3’’ Th is  paper p rov ides  t h e  d e t a i l s  o f  t h e  l a t e s t  ana- 
l y t i c a l  work completed on the biomass d e r i v e d  o i l .  

PROCESS DESCRIPTIONS 

F a c i l i t y  equipment was s i z e d  t o  process 1-3 tons  p e r  day o f  

The r o l e  o f  t h e  P a c i f i c  Northwest Labora to ry  (PNL) i n  the  process 

The bench s c a l e  
most p a r t  ba tch  au toc lave  t e s t s  and t h i s  work has been 

BOM Process - 

The Albany f a c i l i t y  was o r i q i n a l l y  cons t ruc ted  t o  develop t h e  process o f  
biomass convers ion t o  f u e l  o i l  i n  a r e c y c l i n g  o i l  s l u r r y  mode. As shown diaqram- 
m a t i c a l l y  i n  F i r jure 1. I*lood ch ips  a r e  d r i e d ,  qround and mixed w i t h  o i l  a t  20-30% 
s o l i d s  t o  p rov ide  a pumpable s l u r r y .  Anthracene o i l ,  a coa l  t a r  d i s t i l l a t e  
i s  used as the  s t a r t - u p  s l u r r y  o i l .  Th i s  s l u r r y  a long w i th  carbon monoxide and 
aqueous sodium carbonate a r e  pumped a t  h i g h  pressure 2000-4000- p s i g  through a 
scraped-surface preheater  and i n t o  a s t i r r e d  tank r e a c t o r .  The average r e s i -  
dence t ime  i n  the  r e a c t o r  can be v a r i e d  from 20 t o  90 minutes a t  temperatures 
ranaing from ’300°C t o  370°C. A f t e r  l e a v i n g  t h e  r e a c t o r  t h e  p roduc t  i s  cooled 
and the pressure i s  l e t  down i n t o  a f l a s h  tank where f i x e d  qases and most of 
the water i s  removed. 
ment o f  t h e  c e n t r i f u g e  i n  the  p roduc t  c leanup stage w i t h  a vacuum s t i l l .  
pressure l e t  down t h e  product  i s  reheated and f l a s h e d  i n  t h e  s t i l l  where a l i g h t  
product  o i l  i s  drawn o f f ;  a m idd le  f r a c t i o n  i s  recovered and a p o r t i o n  i s  r e -  
cyc led  f o r  s l u r r y  makeup; and heavy product ,  s o l i d s  and c a t a l y s t  r e s i d u e  a r e  
removed f rom the  s t i l l  bottom. T h i s  i s  t h e  e x t e n t  o f  t he  u n i t  o p e r a t i o n s  a t  
Albany, however, t h e  t o t a l  process p l a n  would have t h e  s t i l l  bottoms pumped t o  
a q a s i f i e r  f o r  p roduc t i on  o f  CO/H2 qas feed  f o r  t h e  l i q u e f a c t i o n  process. 
Sodium c o u l d  be leached from the  g a s i f i e r  ash and cou ld  be r e c y c l e d  t o  t h e  process 
probably  a f t e r  r e a c t i o n  w i t h  carbon d i o x i d e  from t h e  o f f g a s  and g a s i f i e r  product  
gas. 

A major  change i n  t h e  o r i g i n a l  process f l o w  i s  t h e  rep lace -  
A f t e r  
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LBI. Process - 

There a r e  severa l  bas ic  d i f f e r e n c e s  betiween t h i s  process and t h a t  f o r  which 
the  Albany f a c i l i t y  was designed. However, throuqh plumbing m o d i f i c a t i o n s  t h e  
p l a n t  was made t o  ope ra te  i n  t h i s  mode, and, i n  f a c t ,  t he  f i r s t  l a r g e  sca le  wood 
o i l  p r o d u c t i o n  was by t h i s  process.  By t h e  ILBL process ( F i g u r e  2) t h e  wood c h i p s  
a r e  reduced d i r e c t l y  t o  a pumpable aqueous s l i i r r y  t h rouqh  an a c i d  h y d r o l y s i s  s tep  
v i t h o u t  p r e l i m i n a r y  d r y i n g  and g r i n d i n g .  By t h i s  h y d r o l y s i s  s tep t h e  wood t o  
water r a t i o  can be ma in ta ined  a t  a l e v e l  equ iva len t  t o  the  wood t o  o i l  r a t i o  used 
i n  t h e  BO14 process. The aqueous s l u r r y  must then be made bas ic  by sodium carbonate 
a d d i t i o n  and then passes th rough  the  p l a n t  i n  t h e  same manner as i n  t h e  11011 process. 
A f t e r  pressure le tdown a g r a v i t y  separa t i on  i s  made o f  o i l  from water and the  prod- 
u c t  can then be d i s t i l l e d  as a c lean-up s ten .  I!o r e c y c l e  o i l  i s  used i n  the  LBL 
process as i t  i s  e s s e n t i a l l y  a once th rough  process f o r  t h e  biomass. The aqueous 
stream w i l l  l i k e l y  have t o  be r e c y c l e d  t o  recove r  t h e  c a t a l y s t  reSidfJeS and o t h e r  
s o l u b l e  o rgan ics .  

PRODUCT ANAL YSJS 

c o n f i g u r a t i o n s  by the  BO14 process, no pu re  ( o r  n e a r l y  pu re )  wood d e r i v e d  o i l  had 
y e t  been produced. T h i s  was due t o  v a r i o u s  mechanical d i f f i c u l t i e s .  The major  
d i f f i c u l t y  was the  i n a b i l i t y  t o  remove r e s i d u a l  s o l i d s  from t h e  p roduc t  stream 
because the product  c lean-up c e n t r i f u g e  would n o t  ope ra te  e f f e c t i v e l y  i n  t h i s  
process.  The bu i l d -up  o f  r e s i d u a l  m a t e r i a l s  i n  the  system l e d  t o  increases i n  
v i s c o s i t y  over  t ime  and the  eventual  p lugg ing  and shu t  down o f  t he  t e s t  r u n  be- 
f o r e  t h e  s t a r t - u o  o i l  cou ld  be e f f e c t i v e l y  purged f rom t h e  system. 
o f  LBL process t e s t s  a t  Albany i n  t h e  sp r in f l  of l ? 7 ?  l e d  t o  t h e  f i r s t  p roduc t i on  
o f  n e a r l y  pu re  wood o i l  i n  !jay and t h e  f i r s t  l a r g e  sca le  p roduc t i on  o f  c a t a l y t i c a l l y  
conver ted wood o i l  i n  September of  1979. Th is  o i l  i s  the bas i s  f o r  t h e  a n a l y t i c a l  
work repo r ted  here. Que t o  t h e  d i f f e r e n c e s  i n  the  processes, p r i m a r i l y  the a c i d  
h y d r o l y s i s  step, i t  i s  l i k e l y  t h a t  t h e r e  w i l l  be some d i f f e r e n c e s  between t h e  LBL 
process o i l  descr ibed here and t h a t  produced by the  11014 process. It has  been 
suggested, based on t h e  amount o f  deg rada t ion  o f  t h e  wood, t h a t  t he  ma jo r  e f f e c t  
of t h e  h y d r o l y s i s  i s  t o  break down t h e  hemice l l u lose  w i t h  minor  e f f e c t  on t h e  
c e l l u l o s e  and l i t t l e  o r  no e f f e c t  on the  l i g n i n  p o r t i o n  of t h e  wood. 

Vacuum D i s t i l l a t i o n  Procedure - 
A vacuum f r a c t i o n a l  d i s t i l l a t i o n  o f  wood o i l  was performed by t h e  use o f  an 

AST!I-D1160 d i s t i l l a t i o n  apparatus w i t h  a m o d i f i e d  r e c e i v e r  which a l l o w s  f r a c t i o n  
c o l l e c t i o n  w h i l e  c o n t i n u i n g  t h e  d i s t i l l a t i o n  under vacuum. 
are descr ibed i n  Table 1. F r a c t i o n  ,+1 i nc ludes  bo th  the  water which was d i sso l ved  
o r  e m u l s i f i e d  i n  t h e  wood o i l  as w e l l  as a l i q h t  o i l  f r a c t i o n  which was immisc ib le  
w i t h  water and d i s t i l l e d  i n  t h e  same temperature range. The c o d i s t i l l a t i o n  c o u l d  
be t h e  r e s u l t  o f  s i m i l a r  b o i l i n g  p o i n t s  o r  may a l s o  be t h e  r e s u l t  o f  a steam 
d i s t i l l a t i o n  phenomenon. 
based on t h e  i n s t r u c t i o n s  i n c l u d e d  i n  t h e  E1160 procedure. The d i s t i l l a t i o n  was 
d i scon t inued  a t  t he  p o i n t  t h a t  decomposi t ion of t h e  p roduc t  i n  the s t i l l  p o t  be- 
came ev iden t .  
f o r  pet ro leum crude o i l s .  

A f t e r  app rox ima te l y  1 5  months o f  o p e r a t i o n  o f  t h e  Albany f a c i l i t y  i n  v a r i o u s  

The i n i t i a t i o n  

The f r a c t i o n s  c o l l e c t e d  

The atmospher ic  t r u e  b o i l i n g  p o i n t s  were c a l c u l a t e d  

The decomposi t ion p o i n t  i s  app rox ima te l y  l O P F  below t h a t  experienced 

Ana lys i s  o f  D i s t i l l a t e  F r a c t i o n s  - 

A summary of t h e  a n a l y t i c a l  da ta  d e r i v e d  from t h e  wood o i l  and i t s  d i s t i l l a t e  
The e lementa l  analyses show a t r e n d  of i n -  f r a c t i o n s  i s  presented i n  Tab le  2. 

c reas ing  carbon con ten t  f rom t h e  l i q h t e r  to heav ie r  f r a c t i o n  and a s t ronger  reverse 
t r e n d  i n  hydrogen con ten t .  
a t r e n d  from n e a r l y  2 i n  t h e  l i q h t e s t  f r a c t i o n  t o  l e s s  than 1 i n  t h e  s t i l l  bottoms. 

The hydrogen t o  carbon atomic r a t i o  as a r e s u l t  shows 



F r a c t i o n  

#1 

$2 

f 3  

$4 

#5 

Residue 

F r a c t i o n  

t l  
( O i l  Layer)  

#2 
83 

('4 

#5 
Residue 

( I n c l u d i n g  
8% I4ater) 

TP.7-136 

TABLE 1. Vacuum F r a c t i o n a l  D i s t i l l a t i o n  o f  M o d  O i l  
ASTF1-Dl160 Fo r  Sample TR7-136 

Actual  Re1 a t  i v e  TB? 
atm Amount Amount -- Co lo r  - 

.8 m l  L i g h t  O i l  3% 
'23 m l  I.later 8% C1 ea r  To 280OF 

T8P 
1 Onm 

To 50°F 

45 m l  18% C1 ea r  2n0-51 OOF 50-270°F 
To Yel low 

To Oranqe 
35 m l  14% Green 51 0-600°F 270-330°F 

an m l  16% Orange 600-720'F 330470°F 

20 9 8% Oranqe 720-81 O0F 470-51 0°F 
To Brown 

86.6 9 72% Dark Above 810°F Above 510°F 
Brown (Po t  a t  630'F 

Decomposit ion) 

TABLE 2.  A n a l y t i c a l  Data f o r  D i s t i l l a t i o n  F r a c t i o n s  

C H 

79.8 12.0 

77.2 9.3 

77.1 8.9 

79.2 8.9 

79.4 7.9 

32.3 6.5 

72.3 8.6 

N O  

0.0 9 .7  
- _  

0.0 13.3 

0.5 12.1 

0.0 13.4 

0.2 12.3 

0.0 10.4 

0.2 17.6 

Atomic 
H / C  

1.31 

1.52 

1.37 

1.33 

1.13 
0.94 

1.41 

C13 NMR 
Hc A l i / A r o  C 

16,000 12 

15,200 1.1 

15,100 1.0 

15,800 1.2 

15,100 1.0 

14,000 - - -  
14,500 0.53 

H1 NMR 
A l i / A r o  H 

30 

10.0 

7.3 

6.6 

5.3 
- -_ 
--_ 

The oxygen con ten t  i s  l e s s  pa t te rned  i n  t h a t  i t  i s  l owes t  i n  the  l i g h t  d i s t i l l a t e ,  
ma in ta ins  a h ighe r  n e a r l y  cons tan t  l e v e l  through most o f  t h e  d i s t i l l a t e  range then 
drops t o  a l ower  l e v e l  i n  t h e  s t i l l  bottoms. Th is  data i s  m i r r o r e d  i n  the  heats  
o f  combustion r e s u l t s  f o r  t h e  v a r i o u s  o i l s .  I t  i s  i n t e r e s t i n g  t o  no te  t h a t  t h e  
n i t r o q e n  appears f o r  t he  most p a r t  i n  two o f  t he  heav ie r  d i s t i l l a t e  f r a c t i o n s  b u t  
n o t  i n  t h e  s t i l l  bottom Elemental s u l f u r  a n a l y s i s  pu ts  t h e  con ten t  a t  0.006% 
f o r  t he  t o t a l  wood o i l ; T 4 )  s i m i l a r  . . analyses f o r  t h e  d i s t i l l a t e  f r a c t i o n s  were n o t  
performed. 

The use o f  p r o t o n  and C13 nuc lea r  magnet ic  resonance spect rometry  (NMR) and 
i n f r a r e d  spect rophotometry  has p rov ided  some i n s i g h t s  i n t o  t h e  chemical s t r u c t u r e  
o f  the wood o i l  components. The C13 FIMR data shows a f a i r l y  even balance between 
sa tu ra ted  and unsa tu ra ted  carbon i n  t h e  d i s t i l l a t e  o i l s .  
a much l a r g e r  amount of a l i p h a t i c  hydrogen i n  p r o p o r t i o n  t o  a romat i c  hydrogen. 
i s  e s s e n t i a l l y  no o l e f i n i c  hydrogen. 
bonding and s t r u c t u r e  have a l ower  hydrogen t o  carbon r a t i o  than a l i p h a t i c s ,  (one 

However, p ro ton  MIR shows 
There 

Aromatic compounds, as  a r e s u l t  o f  molecular  
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o r  l e s s  f o r  aromat ic,  g r e a t e r  t h a n  2 f o r  a l i p h a t i c ) .  
amount o f  a l i p h a t i c  hydrogen i s  an i n d i c a t i o n  o f  t h e  l a r g e  amount o f  a l i p h a t i c  sub- 
s t i t u t i o n  on t h e  aromat ic  r i n g  s t r u c t u r e s .  T h i s  data i s  an average o f  dozens o f  
chemical compounds and a s  such shows a t r e n d  o f  decreasing amounts of a l i p h a t i c  com- 
pounds and o f  a1 i p h a t i c  s u b s t i t u t i o n  on the  aromat ic  r i n g s  through the  d i s t i l l a t i o n  
range. The p r o t o n  NMR da ta  a l s o  show t h e  presence of o t h e r  f u n c t i o n a l  groups such 
as f u r a n s  i n  f r a c t i o n  F2 and n a p h t h a l e n i c  and aromat ic  a c i d  and e s t e r  compounds i n  
f r a c t i o n s  # 4  and #5.  The methoxy a r o m a t i c  s t r u c t u r e  i s  v e r y  prominent i n  f r a c t i o n  
62 bu t  i s  a l s o  e v i d e n t  i n  the  h e a v i e r  f r a c t i o n s .  
groups disappear f rom prominence a f t e r  f r a c t i o n  $7, however, t he  e t h y l  e the r  
f u n c t i o n a l  group remains prominent th roughout .  The i n f r a r e d  spec t ra  of these f r a c t i o n s  
do n o t  p r o v i d e  n e a r l y  so d e f i n i t i v e  r e s u l t s  as the  NMR spec t ra ,  however, they g e n e r a l l y  
c o n f i r m  the  above-stated conc lus ions .  

Ne have thus  f a r  been a b l e  t o  i d e n t i f y  a s i g n i f i c a n t  number o f  t he  a c t u a l  com- 
ponents o f  t he  d i s t i l l a t e  f r a c t i o n s  o f  t h e  wood o i l  th rough t h e  use of Gas Chroma- 
tography  Mass Spectrometry (GCFIS). The components i n  Tab le  3 were i d e n t i f i e d  by 
a n a l y s i s  o f  computer matched data.  Those compounds l i s t e d  w- i th a q u e s t i o n  mark c o u l d  
n o t  be matched due t o  t h e  l i m i t a t i o n s  o f  t he  computer search l i b r a r y ,  b u t  were 
determined by a n a l y s i s  o f  t he  mass s p e c t r a .  I n  a d d i t i o n ,  t he  a c i d  f u n c t i o n a l  qroups 
shown i n  f r a c t i o n  4 and f r a c t i o n  5 were i d e n t i f i e d  i n  d e r i v a t i z e d  ( t r i m e t h y l -  
s i l y l a t i o n )  samples o f  t h e  wood o i l  f r a c t i o n s .  l lo rk  cont inues  i n  t h i s  area as those 
compounds i d e n t i f i e d  a r e  no t  n e a r l y  a l l  t h e  compounds present,  and no q u a n t i f i c a t i o n  
o f  t h i s  a n a l y s i s  has y e t  been done. 

The d i s p r o p o r t i o n a t e l y  l a r g e  

Long cha in  oxygen c o n t a i n i n g  a l k y l  

TABLE 3 .  Chemical Components o f  Wood O i l  F r a c t i o n s  by GCMS 

F r a c t i o n  #l 
Cg Diene 
r l e t l i y l  Cyclopentene 

(Two Isomers) 
I l e t h y l  Hexadiene 
?-Pentanone 
Dimethyl Hexadiene 
2 -!'ethyl Cycl open t a  no ne 
' ;ethyl  Cyclopentadiene 
E thy l  Benzene 
Cyclo Octane 
D iae thy l  Heptene 
C3 Benzene 
Indan 
Guaiacol  
F u r f u r a l  
Yc thy l  Indan 

Dimethyl  Indan 

E thy l  Styrene 

-___ 

(Three Isomers) 

( F i v e  Isomers) 

F r a c t i o n  til 
Methyl  Pentenal  
Formyl D i  hydropyran 
Dimethyl  Furan 

(Two Isomers) 
T r i m e t h y l  Furan 
Guaiacol  
F u r f u r a l  
E t h y l s t y r e n e  
Para Cresol  
4-Flethoxy P heno 1 
Methy l  Indan 
Dimethyl  Phenol 
E thy l  Phenol 
Dimethyl  Indan 
! l e thy l  E t h y l  Phenol 

(Two Isomers) 
T r i m e t h y l  Phenol 
Dimethyl  E t h y l  Phenol 
D ihydroxy  Acetophenone Fraction 
See B u t y l  Phenol 
Propy l  Guaiacol  A l k y l a t e d  Hydroxy Phenyl Ac ids?  

~- 

( M I <  132-224) 

F r a c t i o n  #3 
Propyl  Guaiacol 
Dimethyl  Methoxy Phenol? 
Tr imethy l  Methoxy Phenol? 
C4 Nethoxy Phenol? 
C7 Phenol? 
CR Phenol? 
Dime thy1  Naphthol 
Tr imethy l  Naphthol 

F r a c t i o n  i '4  

Methyl  Naphthol 
(Two Isomers) 

Dimethyl  Naphthol 
(Seven Isomers) 

T r  ime t h y l  Naphthol 
A1 k y l a t e d  Hydroxy Phenyl Ac ids?  

(W 133-206) 

A d d i t i o n a l  a n a l y t i c a l  resu  f r o m  pet ro leum crude o i l  t e s t  methods have a l s o  
been produced f o r  t h e  wood o i l  .@? These t e s t s ,  performed a t  Southern Petroleum 
Labora tor ies ,  I nc . ,  a r e  i n d i c a t i v e  o f  t h e  d i f f e r e n c e  between LBL process wood-derived 
n i l  and crude petroleum. The numbers i n  Tab le  show t h a t  t h e  wood o i l  i s  a heavy 
n o n - a l i p h a t i c  o i l .  The h iqh  s o l i d s  and s a l t  c o n t e n t  w i l l  l i k e l y  be reduced t o  n e a r l y  
zero  by the  vacuum d i s t i l l a t i o n  s tep  o f  p r o d u c t  c lean-up. N e u t r a l i z a t i o n  numbers f o r  
t h e  d i s t i l l a b l e  f r a c t i o n s  o f  t h e  o i l  ranqed from 17.7 t o  5.3 when exoressed i n  u n i t s  
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of mq KOWgr. 
same d i s t i l l a b l e  f rac t ions .  

The ex is tan t  q u m  ranged from 621 to  827 mq/100 nl sample of the 

TkBLE 4. Analysis of LBL Process llood-derived Oil 

A P I  Gravity 0 60°F -4.93 
Specific Gravity @ G O O F  1.12 
Density 0 60°F lbs/gal 9.31 
Pentane Soluble, Volume Percent 3.25 
Sa l t ,  lbs/1000 hbls 79.a 
Total Solids,  BS8H 8.0 
From Reference 4 

ECONO#IC ANALYSIS 

An economic evaluation o f  the  two proce@fs under study a t  Albany was performed 
This study was undertaken w i t h  very and the r e su l t s  presented e a r l i e r  t h i s  year.  

l i t t l e  continuous p i lo t  sca le  data ava i lab le  and a s  such provides only a rough 
estimate of the projected economics. 
the product o i l  will be expensive. Table 5 i s  a sumary of the relevant data.  

I t  does indicate t h a t  with the present technology 

Capital Cost 

TABLE 5. Cost Data f o r  !,lood-derived Oil 

- LBL Process BOM Process 

2009 Green tonlday 

$/Nill ion BTU 
100% equity 
$/!li 11 ion BTU 
65/35 debt/equity 
$ / bar re1 
100% equity 
$/barrel 
65/35 debt/eouity 

Product Cost 
439.5 mill ion $56.1 Million 

$ 7.98 $ 5.56 

$ 0.59 5 6.72 

545.7 $42.7 

$37.8 $34.0 

:lid 1979 constant do l l a r s  
15% DCF ROR on equity 
Debt i n t e re s t  r a t e  9; l ong  term, 10% short  term 
Idood cos t  a t  1.25/millinn BTU (.511/green t o n )  

From Reference 5 

These calculations a re  for a commercial sized plant including many un i t  operations 
which have not ye t  been demonstrated a t  the Albany sca le  of operation and as  such 
a re  based t o  a s ign i f icant  degree on engineering judgment. 
economic analysis was t h a t  the processes appear to  he viable technically a n d  t h a t  
s iqn i f icant  cos t  reductions may be Dossible through process improvement a n d  op t i -  
mization. 
Process development work a t  DOE'S Experimental Fac i l i t y  should provide answers to  
these questions. These answers will l i ke ly  have a s ign i f icant  e f f ec t  on process 
cos ts ,  however, i t  i s  not en t i r e ly  c l ea r  whether the cos ts  will increase o r  decrease. 
A n  additional area which will require ana lys i s  will be the use of the wood o i l  as a 
petroleum subs t i tu te  in chemical production. 
chemical f rac t ions  of the wood o i l  i s  presently under study a t  PNL.  

The  conclusion from the 

There a re  many remaining questions r e l a t ive  to the Albany processes. 

The separation and use of various 
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CONCLUSIO!IS 

Hhen considered f o r  use a s  a s u b s t i t u t e  f u e l  o i l ,  wood o i l  as produced a t  
Albany by t h e  LEL process appears q u a l i t a t i v e l y  t o  f a l l  somewhere between pet ro leum 
d e r i v e d  "6 Fuel O i l  and t h e  s y n t h e t i c  o i l  d e r i v e d  from t h e  Occ iden ta l  F lash  P y r o l y s i s  
process as shown i n  Table 6. !k!ood o i l  f a l l s  n e a r l y  h a l f  way between the  o t h e r  two 
o i l s  i n  nea r l y  a l l  ca tego r ies  except  t h a t  wood o i l  i s  v e r y  l o w  i n  s u l f u r  con ten t .  

TACLE 6. Comparison o f  Some Fuel O i l s  

C H N 0 - - - _ _  
klood O i l  72.3 0 . 6  0 . 2  17.6 
Dry Vlood O i l  80.2 3.5 0.2 11.1 

O y r o l y t i c  O i l  57.0 7.7 1 .1  31.2 

(by c a l c u l a t i o n )  
# h  Fuel O i l  85.7 10.5 7.0 0-3.5 

* Leqal s u l f u r  l i m i t  determined by use s i t e ,  

HC Densi ty  
2 && Y o i s t u r e  BTU/lb g/ml 
O . o m  .075 3.5  14500 1.15 
0.006 .OFF, 0.0 15800 -- 

0-3.5'' 0.05 0.20 13200 1.02 
0.: 0 .5  14  10600 1.39 

e.g., 0.352 maximum i n  Los Angeles County 

Th is  comparison i s  v a l i d  on a chemical basis, however, as s t a t e d  e a r l i e r  the use o f  
wood o i l  p u r e l y  as a s u b s t i t u t e  f u e l  i s  n o t  c u r r e n t l y  economical ly  a t t r a c t i v e .  
Desp i te  the l a r g e  amount o f  resources a l r e a d y  expended on research  o f  t h i s  process, 
i t  remains i n  a developmental s tage and new technology c o u l d  have a s i g n i f i c a n t  
impact on the  process economics. The a l t e r n a t e  use o f  wood o i l  as a chemical feed-  
s tock  i s  a l s o  being s tud ied .  
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FIGURE 2 
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